Accumulating studies have proved EZH2 dysregulation mediated by mutation and expression in diverse human cancers including AML. However, the expression pattern of EZH2 remains controversial in acute myeloid leukaemia (AML). EZH1/2 expression and mutation were analysed in 200 patients with AML. EZH2 expression was significantly decreased in AML patients compared with normal controls but not for EZH1 expression. EZH2 mutation was identified three of the 200 AML patients (1.5%, 3/200), whereas none of the patients harboured EZH1 mutation (0%, 0/200).
| INTRODUC TI ON
Acute myeloid leukaemia (AML) represents a heterogeneous myeloid malignancy with considerable variability especially in cytogenetically and molecular signatures as well as clinical outcome. 1, 2 Despite the tremendous progress has been made in the treatment of AML, clinical outcome of these patients still remains unsatisfactory. 1, 2 Because AML is a highly heterogeneous disease, its treatment needs to be more personalized and precise based on the risk classifications. 2, 3 Until now, cytogenetic abnormalities and molecular alterations provide the most powerful prognostic information. 2 Karyotypes of t(15;17), t(8;21), t (16;16) and normal karyotype with double CEBPA mutation or isolated NPM1 mutation identified at the diagnosis time of AML usually predict favourable outcome, whereas −5/5q−, −7/7q−, t(6;9), inv(3), t(9;22), t(v;11q23), complex and FLT3 mutation indicate poor outcome. 2 These patients with high risks surely need intensive therapy especially haematopoietic stem cell transplantation (HSCT) to improve survival. 2 Consequently, identification of novel biomarkers which could predict outcome or guide treatment choice will make more contribution to the clinical management of AML.
Epigenetic dysregulation is hallmark of blood cancers especially in AML. 4, 5 Located on the chromosome 7q36.1, EZH2 gene (Enhancer of Zeste homologue 2) encodes a key member of the PRC2 (polycomb repressive complex 2) and mediates transcriptional inactivation through di-and trimethylation of lysine 27 of histone H3 (H3K27me2/3). 6 Accumulating studies have proved the phenomenon of EZH2 dysregulation in diverse human cancers. 7 Evidence showed that EZH2 may have a dual role in cancer development, acting as a tumour suppressor or an oncogene depending on the type of cancer. 8 Overexpression of EZH2 was observed in numerous solid tumours, and targeting EZH2 can cause regression of carcinogenesis. [9] [10] [11] However, EZH2 inactivation medicated by mutation or under-expression in myelodysplastic syndromes (MDS) or myeloproliferative neoplasms (MPN) can contribute to disease pathogenesis and is associated with a poor prognosis. [12] [13] [14] [15] In AML, EZH2 mutation was associated with −7/del(7q) and low bone marrow blast percentage but not affected prognosis. 16 Recently, Zhu et al showed that overexpression of EZH2 was a frequent event and was associated with extramedullary infiltration in AML. 17 In addition, EZH2 silencing resulted in decreased proliferation and migration ability and increased apoptosis, suggesting its oncogenic role in AML. 17 However, Göllner et al demonstrated that loss of the histone methyltransferase EZH2 induced resistance to multiple drugs in AML, indicating it may play as tumour suppressor gene in AML. 18 These contradictory results have aroused our concern and interest to further explore EZH1/2 expression and mutation in patients with AML.
| MATERIAL S AND ME THODS

| Patients
In this study, we analysed the 200 adult AML patients (173 patients with RNA-seq data, 194 patients with methylation data and 200 patients with mutation data) from TCGA (The Cancer Genome Atlas) database. 19 All AML patients were received induction chemotherapy, consolidation treatment included chemotherapy (100 patients) and HSCT (73 patients) as reported. 19 In addition, to compare the difference of these patients with normal controls, GEPIA (http://gepia.cancer-pku.cn/detail.php) were also used. 20 The study protocol was approved by the Washington University Human Studies Committee, and informed consents were obtained from all patients.
| Bioinformatics analyses
The details were reported as our previous study. 21 
| Statistical analyses
| RE SULTS
| EZH1/2 expression and mutations in AML
A cohort of 200 AML patients from public TCGA datasets was used for differential expression analysis. EZH1/2 expression was available in 173 patients. Using the GEPIA (http://gepia.cancer-pku. cn/detail.php), we found EZH2 expression was significantly decreased in AML patients compared with normal controls (P < .001, Figure 1B ), but EZH1 expression showed no difference (P > .05, Figure 1A ). No association was observed between EZH1 and EZH2 expression in AML patients (R = −.020, P = .791). In addition, EZH1/2 methylation was available in 194 patients. No association was found between EZH1 methylation and expression in AML patients (R = −.118, P = .126). However, EZH2 methylation was negatively correlated with EZH2 expression in AML patients (R = −.240, P = .002, Figure 1C ).
Among a total of 200 AML patients, EZH1 mutation was identified none of the patients (0%, 0/200), whereas three of the patients harboured EZH2 mutation (1.5%, 3/200). Clinical/laboratory characteristics of patients with EZH2 mutation were further presented in Table 1 . Interestingly, patients with EZH2 mutation showed a little lower expression of EZH2 as compared with patients with EZH2 wildtype (P = .089, Figure 1D ).
| Correlation of EZH2 dysregulation with clinicpathologic characteristics in AML
Firstly, we compared the clinical/laboratory features between patients with low and high expression of EZH2 divided by the median level of EZH2 expression, and results were shown in Table 2 .
Patients with lower expression of EZH2 had significantly older age and higher white blood cells than patients with higher expression of EZH2 (P = .033 and .038). In addition, significant differences in the distributions of French-American-British (FAB) classifications and F I G U R E 1 EZH1/2 expression in AML. A, B, EZH1/2 expression in normal controls and AML patients from TCGA datasets analysed through the GEPIA (http://gepia.cancer-pku.cn/detail.php). C, Correlations of EZH2 expression with EZH2 methylation in AML. D, EZH2 expression in AML patients with and without EZH2 mutation. P-values were calculated using the Mann-Whitney U test. The correlation was analysed by Spearman correlation test. NS: no significance; ***: P < .001 patients with and without EZH2 mutation. We did not found the association of EZH2 mutation with clinic-pathologic characteristics besides cytogenetics (Table 2) . EZH2 mutation was significantly associated with −7/del(7) karyotypes (P = .005).
TA B L E 1 Clinical and laboratory features of AML patients with EZH2 mutation in AML
| Prognostic value of EZH2 dysregulation in AML
We first analysed the association of EZH2 expression with prognosis of AML patients. In both whole-cohort AML and non-M3-AML, EZH2 lower-expressed patients showed similar OS and LFS time compared with EZH2 higher-expressed patients (Figure 2 ).
Moreover, in chemotherapy and HSCT subgroups, EZH2 lower-and higher-expressed patients also had no significant difference in OS and LFS time ( Figure 2 ).
Next, we analysed the prognostic effect of EZH2 mutation on prognosis. In both whole-cohort AML and non-M3-AML patients, although EZH2 mutant patients showed shorter OS and LFS time compared with EZH2 wild-type patients, it did not attach statistic significant (Figure 3 ). In chemotherapy subgroups, EZH2 mutant and wild-type patients also had no significant difference in OS and LFS time among both whole-cohort AML and non-M3-AML patients (Figure 3 ).
However, in HSCT subgroups, significant differences were observed in LFS time and a trend in OS between EZH2 mutant and wild-type patients in both whole-cohort AML and non-M3-AML patients (Figure 3 ).
| Low expression of EZH2 in AML benefited from HSCT treatment
To investigate whether AML patients with abnormal expression of EZH2 could benefit from HSCT, survival in patients with and without (Figure 4 ). In the EZH2 higher-expressed group, no significant differences in OS and LFS were found between HSCT and chemotherapy groups among both whole-cohort AML and non-M3-AML (Figure 4 ).
| Biologic insights of EZH2 expression in AML
In order to identify the molecular network in AML caused by EZH2 expression abnormalities, we first compared the transcriptomes of EZH2 lower-and higher-expressed groups. We yielded 568 differentially expressed genes (DEGs), including 136 positively correlated genes and 432 negatively correlated genes (FDR < 0.05, |log2 FC|>1.5; Figure 5A and 5B; Appendix S1). In these DEGs, several cancer-associated genes such as HOXC10, THBS1, CDKN2B, PAX2 and H19 were significantly associated with AML biology. Furthermore, the Gene Ontology analysis revealed that these genes involved in biologic processes, including cell-cell signalling and leucocyte chemotaxis ( Figure 5C ).
Next, we also analysed microRNA expression signatures associated with EZH2 expression. A total of 51 DEGs were identified, including 22 positively correlated genes and 29 negatively correlated genes (FDR < 0.05, |log2 FC|>0.5; Figure 5D ; Appendix S2).
Negatively correlated microRNAs were miR-9, miR-1269, miR-935, Figure 5E , Appendix S3).
| D ISCUSS I ON
Accumulating studies have proved the phenomenon of EZH2 dysregulation mediated by mutation and expression in diverse human cancers including AML. However, the expression pattern of EZH2 remains controversial in AML. 22 Zhu et al showed that overexpression of EZH2 was a frequent event and was associated with extramedullary infiltration in AML. 17 In addition, EZH2 silencing resulted in decreased proliferation and migration ability and increased apoptosis, suggesting its oncogenic role in AML. 17 In contrast, Göllner et al demonstrated that loss of the histone methyltransferase EZH2
induced resistance to multiple drugs in AML, indicating it may play as a tumour suppressor gene in AML. 18 In the current study, we further investigated EZH2 mutation and expression in AML by the public databases and determined clinical significance. We found EZH2 mutation was not a frequent event, but EZH2 under-expression was a frequent event in AML. Since EZH2 is located on chromosome 7q36.1, EZH2 dysregulation was associated with −7/del(7) chromosomal abnormalities. AML patients with EZH2 under-expression could significantly benefit from HSCT. These results suggested that EZH2 expression could serve as a potential biomarker guiding the treatment choice between transplantation and chemotherapy in AML. However, previous study demonstrated that low EZH2 protein levels correlated with poor prognosis in AML patients, which was different from our results. 18 Moreover, the prognostic effect of EZH2 mutation in AML was not representative of the results due to the less numbers of EZH2 mutation in AML. Therefore, further studies are needed to test the prognostic effect of EZH2 expression on AML, and confirm and expand our results before EZH2 expression can be used routinely as a potential marker guiding treatment choice in AML patients.
Lastly, we further determined the molecular signatures associated with EZH2 in AML to further get better understanding of AML biology. We found that EZH2 dysregulation was significantly associated with HOX gene family, THBS1, CDKN2B, PAX2 and H19, which was reported highly correlated with haematopoiesis and leukaemogenesis. [23] [24] [25] [26] [27] Moreover, for microRNAs, we observed that EZH2 expression was negatively correlated with several mi-croRNAs such as miR-21, miR-23a, miR-500, let-7a-3, miR-362, let-7e
and miR-10a, which were found to be associated with AML pathogenesis and/or prognosis by previous investigations. [28] [29] [30] [31] [32] [33] [34] [35] Of these microRNAs, miR-506 was identified as one of the predicted mi-croRNAs targeting EZH2 by bioinformatics, which suggested EZH2 may be a direct target of miR-506. Obviously, further studies are needed to confirm the direct connections of EZH2 with miR-506 by luciferase assay.
Collectively, EZH2 dysregulation caused by mutation and under-expression identifies specific subtypes of AML EZH2 mutation predicts clinical outcome in AML, whereas EZH2 expression may guide the treatment choice between transplantation and chemotherapy. 
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